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topography and cannot be adequately represented by a single average profie.
The cores colIlected from areas beneath surface hummocks generally showed a
sstematic increase in salinity with depth from 0 0/00 at the'sufface to about'

4 /0at the base. The cores collected from areas beneath surface depres-
sion'a were-much more saline and displa'yed large sal'inity fluctuations. Salin-
ity observations from sea ice of varying thicknesses and ages collected at
various arctic and subarctic locations 'revealed a strong correlation between v
the average salinity of the ice,.S, and the ice thickness, h. For salinity

TI samples collected from cold sea ice at the end of the growth season, this
relationship can be represented by two linear equations: S=14.24-
19.39h (h < 0.4 m).; S7.88 - 1.59h (h > 0.4 in).' It is suggested that th~e
pronounced break in slope at 0.4 m is due to a change in the dominant brine
drainage mechanism from brine expulsion to gravity drainage. A linear
regression for the data collected during the melt season gives S -: 1.58 +
0.18h. An annual cyclic variation of the mean salinity probably exists for
'mutiyarsea i'ce. The mean salinity should reach a maximum at the end of

the growth season and a minimum at 'the' end of the melt season.
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SALINIfY VARIATIONS IN SA&ICR

by

Gordon FXN Cdx ,and.-Wilford 'F. Weekst-

Despite the 'Importance'of the salinity prol.. i n determining the mechanical, thermal and

eletroagnticprperiesof-eaice, few ice alinity data have been collected. Those data which
czotavailable--havewusually'been--otained- as inajntt--~Teairsuyadadteeoe;o

beensystmaticaly.-lyzo intheir own right.
The salinity distribution in inultlysar ice hasb% -I- patticularly neglected. The prime reference

on this subject is the study Schwarzacher (1959) perttkmed -during the drift of Ice Station Aloha in
the, Arctic Ocean. In ,this study te corhputed' aa average multiyear, salinity profile based -,on- the
salinity profiles from 40 cores% This -mean- profile is commonly quoted In therliterature and has
served as a basis for a variety-of calculations in which the 'profile _propetidYs of~multiyear sea 'ce
cre important,-(Assur 1967, Untersteiner 1967, Weeks and Assur 1967, MVktadUtrsenr17)
However, his study does not-'encompass, such variables as surface topopgaphy, internal structure,
age and thickness, all of which must affect the multiyearsalinity profile. Nor, does it adequately
describe th e transition frotma, first-year to a multiyear. Ice s alinity profile and the brine drainage
mechanisms (Untersteiner 1967).

The present study was undertaken to'supplement Schwarzachers data and 'to determine the,
variation, if any. in multiyear ice salinity~profiles with changes 4in ice surface topography. The
results also led to an examination~of the variation of the mean salinity ofboth first-year and,
multiyear ice with changes in ice thickriess.

7ThLD'SIEhS Aft PROCEdUURS

Most of the mu)tiyear iceosalinity data used in this paper were collected during March and
April 1972 from an area near the main AIDJEX camp, located in the Beaufort'Sea at-approxilmately

adjacent depressions which presumably~reprepent sites -at which melt ponds were located during the
summers. Care was taken'to avoid pressure ridges andareas ofdeforrned ice. Salinity samples from
new ice were collected at'daily intervals frorn'a 3- x 3-rn test' pond cut in the thin ice of a refrozen
lead. Continuous ice samples 7.6 cm-in, diameter were obtained with a ORREL, corer attached to a,
power drill. Once the core wais removed, from -the ice, it was quickly cut into 10-cm sections with a
band saw and sealed in airtight I-quart freezdr containers. Very thin ice was cut in 2-cm sections&
The salinity of the rneltedice was then determined with a Beckman conductivity'solubridge (±0.1 o)
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Figune 1.SaMpling area near main AID JX camp. A-A' and.$-b' are approximatecrpss-section,
lfies.

Because or cold air (-250C) and low ice temperatures~during'sampliflg, there was very little brine
drainage. No large brine pockets and only a few brine drainage tubes were observed, so that-the
salinity profiles should be -representative. Approximiate Ice-temperatures were obtained from somne

Ccores -as, soon as they were removed- from, the. ice-sheet by inserting a-thermistor into the core- center.

these, results were combined -with additional'salInity observations collected by Investigators
on field projects onthe Labrador-coast, the Bering and Beaufort Seas,,and V'scount Melville Sound.
The sa pling'techniques Were similar to those used in this study, except that salinitiew in the
lo~pedale, Labrador, study were determined by~hydrometer.

Salinity- profiles of the melt hummocks differed significantly,from those of the depiessions.
The hummooks~showed 4,systematic increasetisalinity with depth-from 0 0/0.-at the surface, to abo it -
4%0,, at the base (Fig. 2). The depressions showed large, irregular salinity fluctuati ons' (Fig. 3, 4),
and the upper layers in these cores showed-salinity values up-to 6.3 '/,, Because of-te-low ambient
temperatures, it was impossible to avoid-cooling of~the core upon removal fr'rn the ice sheet. To
compensate for this-effect, only the maximum temperature values were considered, when interpt. '-
'the temperature profiles shown in-Figures 2, 3 and 4.. The-brine volumes shownwere calculated~by
using the equation derived by Frankenstein and Garner (1967) based on Assur's (1960)-brine volume

table. Figure-5 Illustrates the ice topography, .ice- thickness, and relative~position of/some of the
salinity cores. A tabulation of the AIDJEX multiyear ice core data is presented inAppendix-A.

= Reproduced from --
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Figure S. Cross section A6AC (Fig. 1) illustrating. ice topography, thickness, and rela-
tive position of some of the salinity cores, S1, S2, S3, etc., denote salinity-core sites;

and Hi, 112, H2,.etc.,. denote drill holes for Ice thickness determination.

For further comparison, average salirilty profiles of both.hummocks and depressions were
computed using the upper ice surface as a reference. Shortperiodic fluctuations were-removed from
individual profiles before averaging by calculating three-point (equally weighted) running means.
The resulting curves are shown In Figure 6. Curve A is the averags'hummock profile basedton
seven cores, and curve B Is the average depression profile based'on ten cores. Curve C is the
average multiyear sea ice salinity profile determine.] by Schwarzacher (1959). The lower portions
of the-curves are'the least reliable, because most profiles were not of equal length. Curve B is
not truly representative, in that the irregular salinity fluctuations typical of individual depression
profiles have been removed by averaging all the profiles. However, it is clear that the average
salinity ot the depression profile (3.9,0/) is much greater than that of the hummock profile (2.6 %)
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Sallmlv % Once -it was determined;Wthsnso diffdrendes

] ecticon was tfample& ndetAfl. To studythaivarla-
I407 tioh ~iifty,qcoes were tskena 4-n-intervals.

[0 A JoThe reEMlts (P~ig. 7)4ilustrate aeveral fdatures,

600 'J typical of hummokand- depressiqn-proffles., The
120 theliurdmockthan-.i the-adjacdent depressions,

250 .~The_ trnitioni from bigh-to 1ow~sa~inlty takes

a 0- moevariable. 'Dintnct~distributiot*'patera, are
'evident. The salinity ii-the~center of the ice is,

2-40 -distributed Irregblarly, wivth 'Isolated high andiowlG
salinity pockets; the top aidbottom~ortlons are

250 'stratified. The-,3ower, ixore -uniform pdtion of-the
'ice Jis- undoubtedly~the growth of the, previous

320- winter. The -salinity data forl he 16 cores-arb
380 presaented in App~endix A, profilesMD-D16.

[ .A stit-d rilaUtion *asfdbhd- bdtw6nthe

4001 average salinity of theice-as determied~fo t
salinity profile, and-the ice thicknessat-the pro-
file.,location. Figure: 8 pluts-the average salinity

Figure 6. Average salinity profiles. CurVes of. he fee and-'the ice'thickness a function. of
andB are the average hummock and 4e- position- forfl ~' As the-thickns ofth

pression saliaity profiles, respectively. ice Increases, the average salinitydereases. To
Curve C lathe multiyear Jceaverage s!311n- examine this relation further, the-AIDEX data
ity profile dewernined'by Schwarzacber (1959). were' supplemt~nted with-salinity observations from

sea, ice-of varying thickness and age collected at
other arctic and suba rctic locations. The investi-

gators, number, of cores, and sampling, locations and dates are suminarizedin Table 1. The average
salinity/ice -thickness data are tabulated in Appendix B. In the analysis, the data were divided into
two sets based on-the condition of the ice at the time of sampling. Figure 9 contains the results
from c=re collected from cold ice during~the ice grtwth season. Figure l0,contains~salinity samples
taken only from warm, deteriorated ice during the melt season. In the-cold ice (Fig. 9) there is a
pronounced decrease In the mean Ice salinity associated with an. increase la~ the ice thickness, and
a sharp break occurs in the curve at approximately-0.4 m. Tae relationship between S (the average
salinity of the- ice in 0&) and h (the Ice thi .oess In meters) can be well represented by two linear
regression lines-of S upon h:

S=14.24- -19.39h h !L 0.4 m

S=7.88 - 1.59h h >O0.4 m

The correlation coefficients for these-relations are -0.78 and -0.94,,respectively, significantly
different, from zero at the 0.005 level. Least-squares fits of the combined data by a polynomial and
exponenitial curve were also made. However, because of the apparent sharp break in slope at 0.4 m
significantly poorer fits were obtained.

The decrease in S with Increasing h as shown in Figure 9 Is hardly surprising, in fist-year ize
similar trends have been documented by Malmgren (0927) and by Weeks and Lee (1958, 1962).
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'Figure 7. Cross section B-B'"(Fig. 1) illustrating the variation of salinity-withtopography. Iso-
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Figure 8. Average salinity of the ice and the ice thickness plotted as a function of
position for profile B-B' (Fig. 1).
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Figure 9. Average salinity of sea ice as a function of Ice thickness for cold sea ice sampled during
the growth season. The standard error of the estimate Is 1.5 ",oo for thin ice and 0.6 '/a for thick Ice.

Table 1. Data sources for average sea Ice salinities (persoual communications).

Thickness Observation No. of
Location ice type (M) period cores Source

Cold Ice < 0.4 m

Hopedale., Labrador Young 0.08.0.40 Dee-Jan 1957 25 Weeks and Lee
Vi sconnt Melville Sound Young 0.22-0.40 Oct 1969 14 DenHartog
Beaufort Sea Young 0.03-0.40 Apr 1972 24 Cox

Cold kce > 0.4 ma

Hopedale, Labrador Firat-year 0.08-0.92 Jan-Mar 1957 15 Weeks and Lee
Bering Sea First-year 1.22.1.30 Feb-Mar 1970 9 Kovacs and Kalafut
Beaufort Sea "irst-year 1.02-1.48 Apr 1969 4 Kovacs

Multiyear 1.85.4.00 Mar 1971 3 Kovacs et al.
Multiyear 2.10.3.F,0 Mar-Apr 1972 30 Cox

Warn IIce

Hopedale, Labrador First-year 1,03-1.18 Mar-May 1957 14 Weeks and Lee
Beaufort Sea Multiyear 9.64-3.60 June-Aug 1958 9 Assur
Viscount Melville Sound Multiyear 0.88-3.88 Sept.Orat 1969 is Denflartog

----------
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Figure 10. Average salinity of sea ice as a function of ice thickness for warm sea ice sampled
during or at the end of the melt season.

Hovo, e r, the observation that the values front a wide variety of field sites lie on the same curve
with very little scatter was unexpected, particularly for multiyear ice.

Figure 10 shows a plot of S versus h values obtained from sea ice that was nearly at melting
tempetature when sampled. Much of this ice showed signs of deterioration and contained large
cavitiLb and drainage tubes. Appreciable amounts of Lime were probably lost dining sampling. The
data from H-opedale, Labrador, were collected in first-year ice at the start of the melt season. The
remainder of the d.ta came from multiyear ice irt Viscount Melville Sound and the Beaufort Sea. A
linear regression line of S upon h for these latter data gives

1.58 + 0.18h

with a correlation coefficient of +0.25, which is not significantly different from zero at the .10
level. The average salinity of the -. rm multiyear ice is clearly lower than the average observed'$for c

I2
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Figure 1I. Plot of the average salinity of the upper meter of the ice versus the freeboard
height.

DISCUSSION 4
The low salt content (less than 1 ° of the upper portions of the hummocks is probably due

primarily to urine drainageby flushing. Flushing resembles gravity drainage in that the brine I
moves through interLonnected tubes and cavities. The force to overcome c.pillary retention is the

hydrostatic head poduced when snow or ice melts on the surface. A hydrostatic head limits flush-
ing to periods of melt and to locations in which the ice above the freeboard is permeable
(Untersteiner 1967). If such a process is responsible for brine drainage, a strong relationsh.,
should be evident between the average salinity of the upper portion of the ice and the freeboard
height. Most of the salinity profiles did show a gradual decrease in salinity above sea level
(Fig. 2. 4), and those that did not (Fig. 3) had a very low freeboard. Figtre 11 shows the average
salinity of the Lpper meter of the ice elotted against the freeboard height. As the freeboard height
increases, the ,verage salinity of the upper portion of the ice decreases. The correlation coef-
ficient for the data is -0.88, which is significantly different from zero at the 0.005 level.

IJ
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Since the growth history of the ice sheet is unknown, the charaicteristics of the depression
salinity profiles cannot be readily explained. The high average salinity and crude C shape of the
depression profiles suggest that the Ice beneath the depressions uould be first-year. It is not
uncommon to find first-year Ice in excess or 2 in thick. For ins~arice. Laugleben (1Wi7) found
smooth first-year ice 2.4 in thick in Tanquary Fiord, Ellesmere Island. The average salinity of
this ice was about 4 0/00 which corresponds to the mean salinity of the average depression profile.
Thus, the depressions may be areas within the multiyear floe thut melted through during the previous
sumtmer and then refroze in the fall. The ice ir, such a frozen melt hole could conceivably exhibit
the characteristics of the depression salinity profiles.

However, we doubt that these depr(essions were once melt holes, Not only is a melt hole a
much rarer feature than a melt pond, but if all the depressions had indeed perforated the floe, it
probably would not have survived the summrner. A visit to the can.ip in Ocktober 1972 showed that only
surface ponds had formed in the summer. even though the floe wa~s fartier tiouth than it had been in
the summer of 1971. We therefore believe that the differences we have observed between multiyear
salinity profiles are related to surface melt ponid formation and not to perforation. 9

The principal brine drainage mechanisms in sea Ice are brine expulsion, gravity dratnage, mld
flushing (Untersteiner 1967, Lake and Lewis 1970). it Figure 9 it is possible that the change in :
slope of the mean salinity versus ice thickness curvq at 0.4 rra is a result of a change in the
dominant brine drainage mechanism from brine expulsion to gravity drauigv. Recent experinental
work on NaCI ice by Cox and Weeks (fit preparat ion) hit-, shown that a pronounced decrease in tha
brine drarizge rate occurs at an ice thickness of approximatly 0.4 m,. However, morp sailinity data
would probably show th-t the change in slope is ronli iuNsa% opposed o fihe break in slope sug-

getted by Figure 9l.

It is also iteresting to speculate on tho rvasonn for th"- diffoeee between the average salinity
of th~e cold Ice sample] during thr, growth season (Fig. 9) _~id that of the warmi let iampl~il during
the inell seasoin (Fig. 10) Not only dc*,s the wara nuat n 3'ar ice hiave a lower mneani salinity

U.0"..,as compared to 3.0 "'.,it also shows a very %light =ervas",; in raean ,,alinitv with in-
creas.ing ice thlikrtess. This tcr~tri~s fo a pinonci'd 5crease in riean salinity over a simiflar
range, of ico thu4-Yuess (1.0 hi 4.0 ni) fc4 eold wo. Pcssibly in annnal vcvli vatriation of ithe
unean! 3alinity Ixist4 tor niultive-'.j ,wa te. At IN, oensi cio the rl it seazasoa, after a period of ice
defttoraton arid ori'ah: britie draisia,,e. the, rirean al.iinity tihrsud r&-'tl a wuilniurl and at
tt- vi N tho grceith weain. after a periol of botom as'crct on andil fip refreezing of brive drainage
e,~iiis. ftt, nw-'an salinitv -hAiid revl-h ts ziinmr. TIL0 0Xtent of the variaticns. wouild tbe a fuul(.-
lion of the- wot~skrm~ Ft'c rx-impbrs f'. 1mi~n r tho~ nmltlr ar in'v t- at tho- t;id of thle suinuier,
ivs fhir~s-r tLke LJOWIII~ Innsr14~ wilt N,' fli-' fllo~n'11 willfor. Stut o the- new tice will be ioce saline
t1131 the Ire fol'~i~'te ncIv -4"IssAt. s, "ho'-a Cinicm t ltail ' in Fwnvs 7. the avciage salinity

CONCLU51ONS

sL1'.:i~ 1ret %It".. h a li ~.t r ~aini~Vinivta llq. - s011J ". Ili sO lov Iin arfllevn WI
rTPie ' Irf11 ,. I i-.%g1(, e ;lt " sn. ns~ j'J~ %i-o, 1011 twIns' we ioinInam-ock anfisd ud

r in~tc _,14 .Ifs I Il. ki? Iu'se- varwis loune 1vIfitIlt ! tP~ri-, 1in 11 Pf~fils Wnd

eL -ti\'sd 4114. t~IV 1- 1d 4 -0 T neth b ' 'a- rtlalcl' ,0n b~u & a.-emffx at 'ingl ,a.inil~v dusiribu-
I 1L~ tsr ~~-sy , '40 w i o IO to 1Pr}'iie hi' i'.t'ol 4,111 l s'sv~ tns Iroi,' a~h ,; ths

WW P-'I 'dl lity r,~s100!- 014 o~r,-t1 N' St 11~,ox"Ole F ~r li rrc-rio nlytip- 01Vrohlnjvnor k%.
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The general relation between ice-thickness and mean-salinity can- serveas a chck, for
numericalhmodels that predict the time dependence of sealce salinity profIes as a fwiction-ot both
salt entrapment and brine drainage. The relation should be useful in waking out umrecttonractxs
in cettain remote-sensing applications ha which the.-signaturt or the ice dependa upon the-mean
brine volume. It, should alSo be helpful in Ceveloping relations betweeir the large-scale theological
response of an ice sheet and some me-sue-of the mechanical proptrities of the ice being deformed.
However, befote any definitive conclusions can be made regai iing the salinity distribution in
multiyear sea ice, a much greater quantity-or salinity data must be obtained, particularly from ice
whose growth history is at leastrpaztially known. It will L. easy to collect such data during the
main=AlDJEX experiment in 1975-76.
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APPENDIX A: TABULATION OF AIDJEX CORE DATA.

Z iwthe'deptt in cm, S is the, sdinityn 1/a. and T in the temperature in 0C. Temperature "j .proaies reeordeA.,qhly tor-Proftles 31 through Sb

i~o1ie Si (Hummock) Profile-S2(Cont'd)

R~CM) SAO4) Zocm) RTQC) Z(CM) S'/') Z(cm) W~(C)

0 95 O 100 -16.4

1500 10 105 .-1631
115 8.5 115 -14.7

35 0.4 40125 2 125 -18.7

45 0.4 50 -22.7 135 1.0 135 -18.5

55 0.7 60 -22,8 145 1.9 105 -10.0

65 0.8 70 -1.3 1is 3.3 185 - 8.0 1
75 0.5 80 -20.9 165 4.5 200 -6,.6
85 0.8 100 -- 0.0 175 44 210 -4.4

95 1. 115 -18,6 185 ).4 220 - 2.8

105 0.9 X26 -18.2 195 4.5 235 - 1.8
115 J.3 135 -17.4 a 4.7

125 1.9 140 -17.6 3.8 1
135 1.5 10 -16.i 2.5 4.1 ,o

145 16 160 -15.1 .

155 1.5 170 -14.4 Ave ge salinity: 3.4/

165 , 1.-,5 Icerhines: 1.7 10 1
175 1.3 195 -12.8 Freeboard: 13 cm

185 1.7 205 -12.6
195 1.3 215 -12.6
205 1.3 230 -10.0
215 211 240 - 8.8 Profi16 SS (Hummock) "
225 2.8 250 -9.4

235 3.3 260 - 6.2 Z(cm) .(°/) Z(cm) T(C)
245 3.0 300 - 3.5
235 2.9 320 - 1.7 5 0 20 206.4

65 4.9 15 0.1 25 -26.0

275 3.5 25 0.3 40 -25.0
285 3.9 85 0,7 50 -24.9
295 4.5 45 0.9 60 -23.6

05 4.1 55 1.2 70 -022.6

315 5.0 65 1.5 85 -21L7

325 4.9 75 0.4 110 -20.0

Averge salinity: 2.0°/1 85 0.3 120 -20.0

Ice thickness: 330 cm 95 1.2 125 -20.5

Freeboard: 57 cm 10 1.6 140 -19.2

115 1.9 150 -19.8
125 1.6 170 -18.0

Proffie $2 (Depreion) 135 1.2 190 -16.0
145 1.3 210 -12.9

155 1.3 220 -12.2

Z(cm) s(o/) Z(cm) T(C) 165 1.2 250 -11.9

5 2.1 3 -25.0 175 1.1 280 -11.0
IF 4.3 15 -23.2 185 1.3 280 - 8.5
25 4.5 25 -2"2.1 195 1.7 305 - 4.3

35 3.9 30 -22.1 205 1.7 325 -7.5

45 3.6 40 .21.7 215 1.5 336 - 3,3

55 3.1 50 -.20.2 225 1.1 353 - 1.8

65 2.1 60 -20.0 235 1.1 2

75 1.4 75 -19.0 245 1.6 '

85 1.3 85 -17.7 255 1.5

Preceding page blank

-- ----



14 Profile S3. (Coni'd) Profile S5a,(Cont'd)

Z(cm) S(O/M Z(C-m)Zncw) 3(0/) £(cm) T(0C)

21. 17 75 3.0 iC -. 6
275 1.8 115 3.8 1;0 - M1

25 1.8 95 3. 26- - 3.5
5 1.1 105 4.9 240 - 2.5

305 3.0 115 5.9 253 - L8
315 3;6 135 6.0
325 29 135 5.7
335 4.3 145 4.11
345 3.9 155 3.1
355 3.7 165
263 5.9 175 1.2

Average salinity* 1.7 /o 185 13
ice thickness' 385 cln 19b 1.7
Freeboard; 93 cm 205 3.6

215 4;4
225 5.3'
235 4.8

Profile 84 MDeasssion) 246 4.8
255 7.2

Ice) Teckness: 260c m

5 6.3 5 -09.3 Freeboard: 6-cm
15 3.3 15 -19.3
25 3.7 30 -18.1
35 3.9 40 -17.7
45 53 50 -7.7 Probile S5b (Depession)45 5.3 so -17,2

55 4.6 70 -16.7
65 4.2 110 -12.6 Z(cm) S(040) Z(cm) T(°C)
75 4.6 120 -13.4
85 4.9 140 -10.4 5 4.4 10 -20.2
95 5.9 160 - 7.6 15 3.4 30 -18.4

105 4.4 180 - 5.5 25 4.2 50 -17.6
i15 3.3 200 - 4.1 35 4.6 70 -15.5
125 2.8 45 4.1 90 -14.3
135 2,2 55 4,1 120 -12.1
145 2.8 65 4.1 140 -10.0
155 3.8 75 3.9 170 -9.6

165 5.2 85 3,2 190 -7.1
115 4.3 95 3.1 225 - 3.5
185 4.1 105 2.8 240 -2.5
195 4.3 115 2.9 253 - 1.8
05 4.4 125 2.2

Average salinity: 4.2 o/ 135 3.1
Ice thickness: Lost lower segment of core 145 2.8
Freeboard: Not recorded 155 1.7

165 1.1
175 1.1
185 1.5

Profile Sa (Depusslon) 195 3.4
205 4.3

Z(cm) so/) Z(cm) T(OC) 215 4.4
225 4.5

5 3.5 10 -02 235 4.3
15 '3.8 30 -18.4 245 4.2
25 3.7 50 -17.6 255 4.8
35 4.6 70 -15.5 Average salinity: 3.4 0/0
45 4.! 90 -14.3 Ice thickness: 2060 cm
55 3.7 120 -12.1 Froebcard: 6,csl
05 3.6 140 -10.0



Profile $6 (Humdock) Profile 87 (Cont'd) Profile S9 (Deprassion) ProfileSIO (Cont'd) 15

) z (,M) Z¢OO S(O) Z(Om) S(%0 )

5, 0 175 3.2 5 0.5 155 3.8.
15 0.2 185 5.3 15 4.0 165 4.1
25 0.2 1§b 5.0 25 3.9 175 4.5

-35 0.3 205 4.7 35 4.3 185 4.2
45 1.8 215 4.5 45 5A4 195 4.4
5r LO 225 4.4 55 52 205 4.4
65 0.0 2M5 4.4 65 53 215 4.0
75 1.0 245 5.2 75 5.7 225 44
05 1.5 Avgsalinity: 3.6 0 85 5.0 235 4.4
95 Ice thicknes: 250 cin 95 e.G 243 8,4

105 2.8 Freeboard: 9 cm 105 4,2 Avg salinity' 3.5 %06
115 341 115 3.3 Ice thickness. 245cm
125 1.9 125 3,2 Freeboard: 34 cm
135 1.8 Profile'S8 (Hummock) 135 ,0

145 2.0 145 2.9

155 2,2 Z(c)155 2.7 Profile Sli (Hummock)
65 3.3 (166 1.7

175 3.7 175 4.4
185 2.9 0 185 3.4 Z(Cni) 8(°/o)
195 2.5 15 0 195 2.7
205 3.3 25 0 205 1.7 5 0
215 3.7 35 0.3 215 1.8 15 0.2

225 2.4 45 0.3 225 1.3 25 0.6 H
235 3.2 55 0,3 235 1.4 35 1,2
245 3.5 6,r 0.8 245 2,3 45 2.9

255 3.6 75 1.2 255 2 1 55 35
265 4.3 85 0.8 265 3.9 65 4.3
273 4.5 95 0.9 275 4.4 75 4.0

Avg salinity: 2.3 105 0.9 285 4,7 85 5.7

Ice thickness: Lost 115 1.0 295 4.7 95 43

lower segment of 125 0.. 305 4.7 105 3.4

core 145 1.1 Avg salinity- 3.5 % 125 1.7
Freeboard: 37 cm 155 1.0 Ice thickness. 323 cm 135 1,5

165 1.1 Freeboard" 12 cm 145 1.6175 1.2 155 2.5

Profile S7 (Depression) 185 1.7 165 2.5
195 2.1 175 2.3

Z(cm) 91 205 2.5 Profile S10 (Hummock) 185 2.7
215 2.3 195 3.2

5 5.0 225 2.2 Z(cm) S(%/) 205 3.9
15 4.6 235 2.0 215 4.5
25 3.8 245 2.2 5 0.1 225 5.7
35 4.4255 2.4 15 0.2 235 5.1
45 3. 1 265 3.2 25 0.7 245 4.5
55 3.6 275 3.4 35 1.2 255 .5.2
65 2.6 285 3.6 45 2.1 265 6.5
75 3.7295 4.8 55 3.8 Avg salinity: 3.2 0I
85 3.8 315 4.3 65 4.7 Ice thickness: 269 cm
95 2.9 1 75 5.1 Freeboard: 46 cm

105 2.6 .25 3.9 85 4.5

115 3.5 335 4.4 95 2.5

125 3.0 Avg salinity: 1.9 %0 105 2.7
135 2.5 lee thickness: 340 cm 115 3.4
145 1.9 Freebord: 45 min 125 3.6

155 1.5 135 3.3

165 1.6 145 4.0 j



M16 POfSle812 (Depression) PRofle.S14(Htmock) Profmlo0Dl (Cont'd) lPfailo N3 (Cont'd)

Z(cm) 'S(%) Z(cm) S@'/o) Z(cm) S(e/) Z(cm) S(!&/ f)
5, 0 5 0 195 4.5 155 3,1

15 0.8 150 905 4CI16 3.7
25 4,A 25 01 215 5.5 175 3.3

35 4;2 35 0.3 Avg salinity: 3.7/o 185 5;O o0

45 3.6 45 0,6 Ice thickness: M cri 195 5.1

55 5 55 0.9 F.eeboard: 11 cm 205 5.0

65 0.8 215 4.3 -

75 2.7 75, 0.8Om5 63,

85 2.9 85 1.0 235 4.8

6 31 95 . 1.4 Motile D2 242 9,0

105 5.3 105 1.4 Avg salinity: 4.3 -/.
115 5.3 115 i.4 7cm) S(AO) Ice thickness, 244 cm

125 4.7 125 1,4 Freeboard: 10 cm

135 5.1 135- 2.0 5 8,5

145 3.6 145 2.4 15

155155 2" 5ile D4
185 3.9 165 1.9 35 3.5
175 4.2 175 1.6 45 3.6

185 4.4 185 2.3 55 3.3 Z(cm) $(/c)

195 4.6 195 3.0 65 3.8

205 4.5 205 2.9 75 3.7 5 0

215 4.2 215 2.8 85 3.9 15. 0,2

225 4.0 25 2.3 4.2 25 0.6
235 5.0 235 . 105 3.9 35 2.1

246 5.3 245 4.0 115 4.4 45 3.9

Avg salinity: 3.9 0/ 255 4.0 125 3.9 55 4.1

Ic thickness: 252 cm 265 4.0 15 .2 5 .2
275 43 145 2.5 75 3.8

FMeeboard: 22 cm 285 4.1 155 3.8 85 4.2

295 3.7 165 4.5 95 5.0

303 9.5 175 3.9 105 4.5

Pr0file 813 (Depression) Avg salinity: 2.3 0/ 185 3.5 115 4.5

Ice thickness: 305 cm 195 3.7 125 5.0

Z(cm) )  Freeboard: 61 cm 205 4,3 135 5.2
215 4.2 145 5.1

Avg salinity: 3.96/o 155 5.5
5 5.2 Ice thickness: 220 cm 165 5.7

15 3.2 Profile D1 (Depression) Freeboard: 22 cm 175 5.7

25 4.6 185 4.3

35 4.0 Z(Cm) (/o) 195 3.2
45 4.03.0
55 4.7 6.7 Profile 0)3 215 3.0
65 4;265 4.2 15 3.1 225 3.5

75 25 2.8 Z(cm) S(%) 235 4.3
85 3.7
9535 .8 245 4

105 3.5 45 3.1 5 1.5 255 4.5

115 2.6 55 2.9 15 3.2 2G5 4.6
125 .0 65 3.0 25 4.6 275 4.4
125 3.0 75 3.1 35 4.1 286 6.5
145 5.0 85 3.1 45 4.7 Avg salinity: 3.9 0/
145 5.0 95 2.7 55 5.3 Ice thic nebs: 290 cm

155 4,9 105 2.3 65 4.9 Freeboard: 39 cm

165 5.1 115 2.8 75 4.2

175 5.4 125 2.7 85 4.3

185 5.4 135 2.5 95 4.5
195 5.8 145 3.3 105 3.9
205 5.2 155 4.5 115 3.9

215 5.2 165 4.5 125 4.4

222 7.5 175 4.7 135 3.5
Avg salinity: 4,5 0/ 185 4.5 145 3.1

Ice thickness: 223 cm
Freeboard: 12 em

-------



P fie D$ Profile DB(Contld) Proifle D7 (Cdnt'd) Profile P. (Sontd)17

Z(cm) S(l) Z(cm) ,e(oo) Z(cm) Se) Z(cm)- S(%)

5 01' 145 1.0 255 1.7 345 4.9 'i
15is- 165 M ~ '265 .835
25 0., 165, 2.3 275 2.0 305 3.8

35: .5 175h 1.9 1%5 2.5 37 .3
06 .6 185 M~29 337 36 6.4

55 0.8 195 ,1.9 305 3.3 Avg salinity: 2.2 0/
65 1.4 205 1.7 31i 2.9 Icc-thickness: 389 cm
75 3,7 215 1.7 325 4.2 Fieeboard: 97, cm
85 .7 225 19 335 4.3
95- 2.5 235 2.1 345 4.0

105 2.5 245 1.9 355 .5 P,, " 'D

iu 3.6 d5 2.1 365 3.6 ProileD9
125 3.1 265 2.4 375 ?,7
135 4.5 275 2.5 Avg salinity: 1.9 0o Z(cm) S C!,)
145 4.7 285 2.6 Ice thickness: 379-cm
155 33I 295 8.1 Freeboard: 95 cm 5 0

165 2.7 305 4.9 15 0

175 3.1' 315 4.9 25 0.1

185 2.3 325 4.2 Pro3fle DS (Hu50mock) o.
195 2.1 385 4,0 - I45 0.4
206, 4-i- 34 4.1 55 0.5
215, 2.4 353 8.5 Z(cm) 65 0.6
225 2,0 Avg salinity: 2.0 % 75 0.7
235 2.6 Icethickness: 335 cm 5 0 85 1.0

245 3,2 Freeboard: 78 cm 15 0 95 1.1

255 3.5 25 0.1 105 113
265 3.5 35 0.1 115 1.8

275 5.i 45 0.2 125 2.7
285 4.9 ProfileD7 55 0.4 135 2.1

295 4,8 65 1.1 145 1.7

305 4.7 Z(crn) SO) 75 1.9 155 2.2
315 4.5 85 1.0 165 2.8

24 6.6 5 0 95 0.6 175 2.6
Avgsalinity: 2.8 o/ 15 0 105 0.3 185 2.8

Ice thickness: 327 cm 25 0.1 115 0.8 195 3.0
Freeboard: M9 cm 35 0.2 125 1.8 205 3.0

45 0.3 135 1.6 215 3.3
55 0.4 145 1.9 225 3.4

65 0.7 155 1.5 235 3.4
Profile ]6 75 0.7 165 1.2 245 4.2

85 1.5 175 1.3 255 4.0
Z(cm) 8(/o) 95 1.0 185 1.5 265 3.6

105 0.5 195 1.3 275 3.1

5 0 115 0.5 205 1.9 285 2.5
15 0 125 0.7 215 2.3 295 2.2

25 0.1 135 0.9 225 3.0 305 2.0

35 0.2 145 1.2 235 2.9 315 2.5

45 0.3 ' 155 1.7 245 3.5 325 3.4

55 0.6 165 2.0 255 4.2 335 4.4
65 1.0 175 2.1 265 3.7 345 4.0

75 0.7 185 2.3 275 3.7 355 3.7
85 0.9 195 2.0 285 3.7 365 3.9
95 0.9 205 1.8 295 3.4 376 5.9

105 1.0 215 1.9 305 2.2 Avg salinity: 2.4 0o

115 1.2 225 1.7 315 2.2 Ice thickness: 381 cm
125 1.3 235 1.4 325 2,8 Freebourd: 96 cm
135 1.1 24b 1.4 335 4.5



'18 Proffle-DIO Ptofile Dll (Cont'd) Profile D12 (Contd) Piefile b14

Z(Cm) da Z(cm) SOU/ Z(cm) q/)ZCM O14

5 0 105 12 235 1.3 5 4.71 -0 115 '1.4 245 1.1 15 4.1
25 04,f i25 1.5 255 0.9 25 3,,
35 0,1 135 1.8 265 3.2 35 4O
45 0.2 145 2.2 275 4.8 45 4.6
5 0.7 155 23 285 4.4, 65 4.
6,5 1.0 165 23295 4,2 65 4CS
76 1.6 176 2.1 i05 4.5 76 4.1
85 1. 185 2.7 312 8885 3.6
95 1.1 195 2.8 Avg5salnity: 3 ,2 o4 9 3.9

105 1.1 205 4.7 Ice thickness, 314 cm 105 2.7
115 1.2 215 4,0 Freeboard: S6 cm 115 2.8

125's 225 2.2 12s 2.8
136 1 2,35 2.1 135 2.1i
145 1,2 245 1.8 U145 25
155 1.4'5 1. roie5i 155 2.3
165 1.5 285 2.2 105 S.9
175 1.8 275 2.1 Z(cm) S(P/o) i75 2.5
185 1.8 285 3.5 185 2.5
195 1.7 295 4.0 5 0.1 i95 2.4
205 1:1 305 4.1 15 0.7 205 '2.7
215 1.9 3 3.9 25 3.9 215 3.1 ' -'

2,5 2.1 325 3.7 5 4.5225 4.7
235 1.7 335 5.6 45 3.6 235 &7
245 1.0 Avg salinity: 2.1 %o 2.7 245 5.7
255 0.9 Ice thickness: 339 cm 65 2.7 255 5.3
265 1.0 Freeboard: 58 cm 75 3.2 265 6.8
275 0.8 85 3.6 Avgsalinity: 3.8 /0
285 0.8 95 4.6 Icethickness: 270 cm295 0.9 105 4.0 Freeboard: 23 cm
305 0.9 Profile 112 115 5.0'
315 4.1 125 5.5
925 4.0 Z(cm) $(o0 135 5.5
335 4.2 145 3.7 ProfiieMD15
345 3.9 5 0.1 155 2.1
355 3.7 15 0.1 165 2.1 Z(cm) S(0o)383 4.6 25 0.5 175 z 3

Ag salinity: 1.60/0 35 2.2 185 2.7 5 5.7
Ice thickness: 366 cm 45 4.0 195 1.3 is 3.3
Freeboard: 75 cm 55 3.9 205 0.9 25 3.2

65 4.1 215 1.0 35 4.1
75 3.6 225 1.2 45 4.7
85 4.1 235 1.3 55 4.1Profile D11 95 4.3 245 3.5 65 4.0

105 3.3 255 4.1 75 4.1
Z(cm) l() E 3.7 265 4.3 85 4.0

225 s.5 275 4.2 95 3.5
5 0.1 135 3.3 285 5.7 105 2.3

15 0.1 145 L.4 Avg salinity: 3.1 0/o 115 2.7
25 0.2 155 4.4 Ice thickness: 290 cm 125 3.5
35 0.4 165 4.8 Freeboard: 19 cm 135 3.4
45 0.5 175 3.3 145 3.4
55 0.8 185 4.2 155 2.9
85 0.8 195 3.5 165 2.8
75 0.9 205 1.7 175 2.7
85 1.0 215 0.7 185 2.9
95 0.9 225 1.0 195 4.1 " 4

!. ;.x



: ~ 95 4;1 .o ,

;I -WS. 4. :

44.5

245 C.4

*1 I0 .

2015 4.8
216 4.t

4.5
6.0,

Ag 4alilty. 8 ,/
lee thic.ness: 70Cm
Fteeboaud: 1fin,

Z(Cmf) Se

105 3.3

2 4.34 - 4.5

'65 M.-
M5 5.6
85 5.4

96 3.8
105 4.5
115 4.8
125 4.6
i35 8.1
145 3.5
155 4.5
165 4. 8
175 4.2
185 2.6

II

195 2.9
205 3.5
215 4.1
g25 4.2
235 4.4
245 4.8
255 4.2
265 4.2
273 5.9

Avg salinity: 4.30/00
lee thickness: 276 cm
Freeboard., 10 cm



-APPENDIX B: TABULATION-OF AVERAGZAALINITY/1UE ThCKN8SS ATA 21

h is~thethickness in m and Sis he average salinity in %.

GL..Cox"'Beaufolt Sea. CoxlCantgd) Weeks and-Lee (Cont'd)

0.33yer c 845 0,3 7.6
0. .2 0.86 6.4

h~~rn) ~~0.34 71v8 ;

31-o 2.0 0,34 7 O 0.89 5.5

243 34 0.36 4.8 0.9 6.3.

3.65 1.7 0.36 6.9 0;73 5.7
210, 4.2 0.28 7,0 0473 6.

2.60 4. C63 OM7 2.1
,.01 3.6
t. 3.4 Young ice;exhibiiing rapid

3.40 1.9 deiedbratiorlo
3.23 3.5 0.83 O.8
2.69 3.2 Hopedae, Lab. 0.83 3.8S - o.68 2.8 o..
2.52 3.8
2.5 3.0New ice 0.86 3.72 45 1.50. 63 6"

2.23 4.5 h(m) sTe) 0.88 4.3
3.05 2.3 .o
2.20 3.7 0.12 11.6 0.88

2.20 3.9 0.17 9.6 0.94 3.9

2.44 4.3 0.22 8.4

2.90 3.9 0.29 8.3 0.92 4.6

3.27 2.8 0.37 6.4 0.92 5.4
3.5 2.0 0.39 5.4 0.97 4.8
3.79 1.9 0.12 16.8 1.07 4.9
3.89 2.2 0.14 12.6 0.96 4.7

3.81 2.4 0.20 10.8 0.91 5.3

3.66 1.6 0.20 9.6
2.1 0.23 10.5

3.39 .
3.14 3.2 0.06 12.3 A. Kovacs, BeauftrtSea.
2.90 3.1 0.23 8.7

2.70 3.4 0.29 8.3

2.70 3.8 0.32 8.8 h(m)

2.76 4.3 0.34 8.7
0.36 7.9 1.22 6.9

New ice 0.37 7.6 1.02 6.3
0.37 7.7 1.47 6.8

0.035 16.0 0,37 6.5 1.18 7.2
0.065 12.4 0.40 7.2
0.095 15.0 0.40 6.6
0.125 11.1 0.40 5.8
0.130 11.6 0.39 5.8 A. Kovacs; W.F. Weeks;
0.130 10.6 S. Ackley and W.D. Hiblet, IM.

0.175 11.3 Young ice covered by
0.165 9.initraed snow ice
0.200 9.9 iflrte nwicoil
0.200 10.2 0.61) 7.8
G.235 9.5 0.72 7.53.9 2.2

0.230 10.0 0.67 6.3 2.46 4.3

0.27 9. 1 0.67 7.5 1.83 5.4

0.27 9.0 0.73 7.0

0.30 9.6 0.73 7.4

0.30 8.5 0.73 6.3

preceding page blank



22 A. kevacs inid j;,Xajifut, OenHartog, (Cont~d)

- m -3.03 2,5

1.45.9 2.16 1.7-1.24- SA1 L64 i,.7o

:23 4.9 1.1 'oe9
126, 5.2 2.89 1.9
1.28 5.2 2.40 2,9
1,30 5.7 0189 2.2
1.91- 5 s9 1.64 2.3
1.30, 5.2 2.71 3.1

4.27 2.1

A, Asst~eauoc~Se. ..4 1.6
2.18 2.0

A., AssOf,'BeaufctvSea. 2.28' 2.5
2.16 2.0 ,

h ") 2.62 1.0

3.20 2.5

2.881 2.6I
2.71- 2.2
3.43 2.5
3; 10 1.6

2.90 2,22;64 2.8 .3.

3.24 2.4

S. DenHartog, N.W. Passage.

New ice

0.20 5.9
0.27 8.8
0.26 8.7

0.27 7.2
0,20 10.6
0.25 8.0
0,23 8.1
0.23 8.3
0.31 7.0
0.23 9.9
0.27 11.4
0.29 14.2
0.29 10.4
0.27 9.3
0.27 8.9 jl

Young to multiyear ice
exhibiting much deterioration

2,54 1.9 ,
1.76 1.7
2.06 1,4
1.21 1.2
2.52 1.5

-I


